A number of studies have shown that altered cellular glymylation, as detected by binding ofHelixpomatia lectin to paraffin sections, is associated with metastatic disease and consequent poor patient prognosis in breast and other cancers. In a 24year retrospective study, sections of 373 ptimary breast cancers were stained for binding of the lectin using two different histochemical techniques: a direct method (using peroxidase-conjugated lectin) and an indirect method (using native, unconjugated lectin). Similar petcentages of cases were positive (79%) and negative (21%) for lectin binding with either technique, but there was enormous inconsiStency when individual cases were examined. A total of 38/373 (l0.zo/0) cases that were negative by the indirect method were positive by the direct method, and 37/373 (9.9O/o) cases that were negative by the direct method were positive by the indirect method. Life tables calculated for lectin staining vs nonstain-
Introduction
We have previously reported a relationship between Helixpomatia lectin binding to paraffin sections of primary breast cancer and poor long-term prognosis. Positive tumors are more likely to have metastasized locally and to distant sites, and patients therefore have shorter disease-free and overall survival times (Brooks and Leathem, 1991a; Leathem and Brooks, 1987) . Although this finding has been repeatedly confirmed by other groups in breast Thomas et al., 1993; Alam et al., 1990; Fukutomi et al., 1989; Fenlon et al., 1987) , gastric (Kakeji et al., 1991) . colorectal (Ikeda et al., 1994; Schumacher, 1994) , bladder (Langkilde et al., 1989) , esophageal (Yoshida et al., 1993) . and prostate cancer (Shiraishi et al., 1992) and in animal melanoma and sarcoma models (Kojonniksen et al., 1994) , a degree of controversy remains (for review see Walker, 1993) . In letters to the Lancet, two groups have reported ing cases showed a very strong correlation between lectin binding and long-term survival (p < 0.0001) when staining was performed by the indirect method, but only very weak comelation with prognosis (p < 0.03, borderline sigdicance) when the direct technique was employed. SDS-PAGE revealed that there were differences in breast cancer glycoproteins recognized by native lectin and peroxidase-conjugated lectin immobilized on Sepharose 4B affinity beads. Hefix pomatia lectin binding appears to be an intriguing and potentidy valuable marker of biological behavior in breast cancer. This study emphasizes the importance of selecting an appropriate immunohistochemical technique for its visualization. that they failed to demonstrate a relationship between Helixpomuttiz lectin binding and prognosis (Galea et al., 1991; Taylor et al., 1991) and one of these studies (Gusterson, 1993) has since been published in full. Galea et al. (1991) proposed that the discrepancy in results between studies may be due to the different staining methods used: peroxidase-conjugated lectin was employed by Galea et al. (1991) and Gusterson et al. (1993) to directly visualize binding, in contrast to other studies in which various indirect immunohistochemical techniques, using native unconjugated lectin or biotinylated lectin were employed. We agree with this explanation (Brooks and Leathem, 1991b) , especially since we have shown that Hehxpomatia lectin binding to breast cancer cell lines is dependent on fixation and processing conditions (Schumacher et al., 199Sa) .
The consensus view seems to hold that Helixpomatia lectin is a potentially exciting tool in breast and other cancers (e.g., Walker 1993) . However, the effect of different histochemical staining techniques on the validity of the results is a question that should be addressed.
In this study we directly compared the results when two differ-ent immunohistochemical staining techniques are used: peroxidaseconjugated lectin (direct method) (Gusterson et al., 1993; after Galea et al., 1991) and native lectin (indirect method) ( Brooks and Leathem, 1991a; after Leathem and Brooks, 1987) . In addition, we comDared the e,vcoDroteins isolated from breast bv &initv tive (nonstainers). Stainers were cases in which 5 % or more of cancer cells were clearly positive (with intensity of at least +), or 50% or more of cells were weakly positive (+ / -). Nonstainers were cases in which less than 5% of cancer cells Were scored +, or less than 50% + /-. In practice, all cases either had obviously positive populations of cancer cells or were completely _ I I chromatography using immobilized native and peroxida.k-conju1 gated lectin to elucidate possible differences in glycoprotein binding at the molecular level.
negative.
by the other method were re-stained Cases that were judged to be a stainer by one method and a nonstainer check that this difference was consistent.
Materials and Methods

Patients and Follow-up Data
Lz? Table Analyses Life tables were calculated according to the method of Kaplan and Meier (1958) for s u r v i~l of cases that were iudeed to be stainers and nonstainers
, I
A series of 373 primary breast excised at the Middlesex Hospital between 1967 and 1972 were considered (maximal fol]ow-up time 19-24 years). Patient surival was determined from patients' records. This is the same series of patient reported by us previously (Brooks and Leathem, 1991a) .
by each ofthe two histochemical staining methods. Calculations were made using the statistics package supplied by BMDP Software Inc., University Of The expected survival of a hypothetical age-matched female control group was calculated on the basis of overall mortality rates ofwomen in the general population in the Southeast of England. Age at diagnosis was known for 365 of the breast cancer patients in this series. Age groups were defined according to the divisions used by the Office of Pooulation Censuses and
Histochemistry for POmatia Lectin Binding
Blocks of the original tumor, routinely fixed in formalin and embedded in paraffin, were retrieved from hospital archives. Sections (5 pm) were cut by microtome and stained for Helixpomatia lectin binding by both a direct and an indirect method, as detailed below.
Direct Method: Peroxidase-labeled Lectin. Sections were dewaxed in xylene, rehydrated through a series of graded alcohols, and endogenous Surveys (OPCS), and the number of patients in each age group at the time of diagnosis was recorded. The hypothetical age-matched control population has an identical composition. Survival was calculated with OPCS published statistics. A detailed description of the calculations is given elsewhere (Brooks, 1990) .
peroxidases blocked by incubation with-3% hydrogen peroxide in methanol. They were then trypsinized at 37'C for 20 min. They were next incubated with peroxidase-conjugated Helixpomatia lectin (Sigma; St Louis, MO) 10 Ng/ml in 50 mM Tris-HCI buffer, pH 7.6, for 1 hr. After thorough washing, lectin binding was revealed by hydrogen peroxideldiaminobenzidine. Slides were counterstained with Mayers' hematoxylin, then dehydrated through a series of graded alcohols, cleared in xylene, and mounted in resinous mountant (after Gusterson et al., 1993; Galea et al.. 1991) .
Indirect Method: Native Lectin. Sections were initially treated as outlined above, but were incubated with native unconjugated Helixpomatza lectin (Sigma) 10 pglml for 1 hr. We then added rabbit polyclonal antiserum to the lectin (our own) 1:400, 1 hr, biotinylated swine anti-rabbit immunoglobulin (Dako; Glostrup, Denmark) 1:400, 30 min. avidinperoxidase (Sigma) 5 pg/ml, 30 min. and then hydrogen peroxideldiaminobenzidine as outlined for the direct method (after Brooks and Leathem, 1991a; Leathem and Brooks, 1987) .
All dilutions, washes, and so forth were performed using 50 mM Tris-HCI buffer, pH 7.6. A case that previously stained strongly positive for lectin binding was included with each batch of staining as a positive control. For negative controls, lectin was omitted or sections were incubated with lectin in the presence of 0.1 M N-acetyl galactosamine (Sigma).
Scoring of Lectin Binding
All cases were scored independently by two observers and scores checked against each other for consistency.
Lectin binding was assessed according to criteria laid down by us previously (Brooks and Leathem, 1991a; Leathem and Brooks, 1987 ) and adopted by Galea et al. (1991) and Gusterson et al. (l993) , as follows:
Staining of cancer cells was initially recorded as negative, very weak (+ / -), and weak ( + ) to very strong ( + + + +). Each case was given a score comprising approximate percentage of cancer cells staining positive. plus a measure of staining intensity, e.g., 80% + + +, 15% + / -, 100% +, and so on. However, cases were ultimately classified as positive (stainers) or nega-
Affinity Chromatography to Purtfv Lectin Binding Glycoproteins
Preparation of Mity Beads. Native unconjugated Helixpomutia lectin (Sigma) and peroxidase-conjugated Hehxpomatzklectin (Sigma) were immobilized on Sepharose 4B beads as follows:
Two 1-g aliquots of freeze-dried cyanogen bromide-activated Sepharose 4B (Sigma) were swelled for 15 min in 1 mM HCI and washed on a scintered glass filter (porosity G3) with several changes of the same solution. A total of 200 ml of acid was employed for each 1 g of dried gel. One g dry gel yielded approximately 3.5 ml swollen gel. The gels were then washed in several changes of coupling buffer (0.1 M NaHC03 buffer, p H 8.3 with 0.5 M NaCI). A total volume of 200 ml coupling buffer11 g dry gel was used. The gel was then immediately transferred to a solution containing the lectin at a concentration of 10 mglml in coupling buffer. A total of 10 mg lectin was immobilized per 1 g dry gel. The lectin was mixed gently with the beads in an end-over-end mixer overnight.
The gels were then transferred to 50 mM Tris-HCI buffer, pH 8, for 2 hr to block remaining unreacted sites. To remove excess uncoupled lectin, the gels were washed alternatively in four changes each of acetate buffer (0.1 M, pH 4) and coupling buffer (pH 8.3). both containing 0.5 M NaCI.
Affiity Chromatography Tumor Homogenates. Five samples of fresh primary breast cancer were taken. These tumors were not from the same retrospective series described in the histochemistry experiments because fresh, unfiied tissue was required.
For each sample, 1 g of tumor was dissected away from surrounding breast tissue, minced fine using a scape1 blade, then homogenized on ice using a Polytron tissue homogenizer. It was spun at 10,000 x g for 10 min in an Eppendorf centrifuge. The aqueous layer was withdrawn from between the upper fatty layer and the lower solid pellet of cell debris. The aqueous extract was dialyzed overnight against distilled water at 4'C Pur+cation of Helix pomatia Binding Glycoproteins. The beads carrying immobilized native or peroxidase-conjugated lectin were equilibrated with 50 mM Tris-HCI buffer, pH 7.6. The approximate percentage of cancer cells staining and an estimate of staining intensity ( -ve no staining. and from + / -weak to + + + + intense) is given ro emphasize the point that cases that stained strongly and definitely by one method were completely negative by the other method, the effect therefore being unlikely ro be due to a simple difference in sensitivity between the two methods.
One ml of tumor extract was mixed with 1 ml of affinity beads for 2 hr. The beads were then washed in five changes of 50 mM Tris-HC1 buffer, pH 7.6. They were then mixed with 1 ml 0.2 M N-acetyl galactosamine in 50 mM Tris-HC1, pH 7.6. for 1 hr to release glycoproteins adsorbed onto the beads. The supernatant containing lectin binding tumor glycoproteins was drawn off and dialyzed against distilled water overnight at 4'C before being dried using a centrifugal evaporator.
Analysis of Lectin Binding Glycoproteins by SDS-PAGE
Glycoprotein samples were dissolved at a concentration of 100 mglml in a reducing buffer containing 0.0625 M Tris-HC1 (pH 6.8), 2% sodium dodecyl sulfate, 5% 2-mercaptoethanol. 10% glycerol, and 0.002% bromophenol blue and were placed in a boiling water bath for 3 min. Of each sample, 35 pl was loaded onto 10% acrylamide mini-gels and electrophoresis was allowed to proceed for 1 hr at 180 V. The discontinuous buffer system described by Laemmli (1970) was used.
When electrophoresis was complete, gels were stained overnight in 0.1% Coomassie brilliant blue R250 (Sigma) protein stain in water:methanol:glacial acetic acid (5:5:2 by volume). They were then transferred to several changes of water:methanol:glaciaI acetic acid (5:l:l by volume) to de-stain over a period of 48 hr until protein bands were stained deep blue against a transparent background. of 373 (79%) were positive by the direct method, and 79 (21%) were negative; 2931373 (79%) were positive by the indirect method and 80 (21%) were negative. Surprisingly, the same cases were not always consistently positivelnegative when they were stained using the two different histochemical techniques (for a summary of results see Table 1 ).
Results
Histochemistry
A total of 75 of 373 (20%) cases switched from one category to the other: 38I373 (10.2%) cases that were negative by the indirect method were positive by the direct method, and 371373 (9.9%) cases that were negative by the direct method were positive by the indirect method. When these 75 cases were re-stained using both the direct and the indirect method, the staining results were entirely consistent. Full details of the approximate percentage of cancer cells staining plus an estimate of staining intensity (from + Iweak to + + + + intense) are given to emphasize the point that cases that stained strongly and definitely by one method (NB not weak, borderline positivity) were completely negative by the other method.
In negative controls, omission of the lectin and its incubation in the presence of 0.1 M N-acetyl galactosamine completely abolished staining by both methods.
Survival Anafysis
It is perhaps not altogether surprising that life tables for stainers vs nonstainers. as defined by the two methods, are very different (Figure 1) . HeLixpomatia lectin binding detected by the indirect 
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Lectin Binding Gfycoproteins
Affinity chromatography against immobilized native and peroxidase-conjugated lectin demonstrated that the two forms of the lectin recognized different glycoproteins. This is shown in Figure 2 , which illustrates typical results obtained with extracts of two different tumors. Some dominant glycoproteins are clearly recognized by both forms of the lectin. However, minor differences are seen, as detailed below.
In Figure 2a , a large number of minor glycoprotein bands are resolved in the molecular weight range of -50-65 KD, where some blurring of bands indicates microheterogeneity. This region is marked "a," and there are very obvious minor differences between the two lanes. In particular, a dense region towards the center of the marked area in Lane 2 (HPA peroxidase) is not apparent in Lane 1 (HPA). Total protein loading between the two lanes, although quite comparable, may be argued to be very slightly heavier in Lane 1 (HPA) than in lane 2 (HPA peroxidase). However, the upper of the two bands marked "b" is significantly darker in Lane 2. The lower of the two bands marked "b" is detectable in,Lane 1 (HPA) but is undetectable in Lane 2 (HPA-peroxidase).
In Figure 2b , a band of -60 KD molecular weight, marked "c," is detectable in Lane 1 (HPA) but undetectable in Lane 2 (HPA-peroxidase). Two major bands marked "d," of -48 KD molecular weight, are very obvious in Lane 1 (HPA) but undetectable in Lane 2 (HPA-peroxidase). A triplet of bands, marked "e," is present in Lane 2 (HPA-peroxidase) but undetectable in Lane 1 (HPA).
These results suggest that although the two forms of the lectin recognize a broadly similar spectrum of glycoproteins, subtle differences in their binding characteristics are detectable in an affinity chromatography system. Minor glycoprotein components are recognized by the native form of the lectin but not by the conjugated form, whereas others are bound by the conjugated but not by the native lectin.
Discussion
Some degree of controversy has existed over the prognostic significance of Helixpomatia lectin binding in breast and other cancers (Walker, 1993) . Although several studies, including our own, have demonstrated a strong relationship between lectin binding and poor prognosis in breast Thomas et al., 1993; Brooks and Leathem, 1991a; Fukutomi et al., 1989 Fukutomi et al., ,1991 AIam et al., 1990; Fenlon et al., 1987; Leathem and Brooks, 1987) . gastric (Kakeji et al., 1991) , esophageal (Yoshida et al., 1993) . bladder (Langekilde et al., 1989) , prostate (Shiraishi et al., 1992) , and colorectal cancers (Ikeda et al, 1994; Schumacher, 1994) , two groups have failed to confirm these findings (Gusterson et al., 1993; Galea et al., 1991) .
The results of the current study confirm, as Galea et al. (1991) originally suggested, that the reason for this may lie with differences in methodology. In our hands, the direct method, employing directly conjugated lectin, gives very different results from indirect methodology using native unconjugated lectin. Gusterson et al. (1993) mention briefly that they achieved identical results comparing the two methods on a small series of cases, but no details are given. We have shown previously that HPA staining results are affected by different conditions of fixation and tissue processing (Schumacher et al., 1995a) . Because Gusterson et al. (1993) used cancers from several different centers, it appears likely that this too may have influenced the outcome of their study.
The results presented here are superficially curious: a fairly high proportion of cases (20%) that were strongly and obviously positive with one staining method give very different results when stained by the other. That this switch is a two-way one, the fact that most of the cases are strongly and convincingly positive by one method (i.e., decidedly not weak, borderline positivity that might be affected by slight changes in the sensitivity of the two methods or by slight day-to-day batch variation) and negative by the other method, and the fact that identical proportions of cases are classed as stainers and nonstainers by both methods imply that the differences are not due to simple differences in sensitivity of the two staining methods, as proposed by Walker (1993) . but represent very real differences in the binding site of peroxidase-conjugated compared with native unconjugated lectin. This is confirmed by the results of the affinity chromatography experiments in which, although some common glycoproteins are bound by the two forms of the lectin, minor differences are seen. Native lectin recognizes glycoprotein species not bound by peroxidase-conjugated lectin; and conjugated lectin binds glycoproteins not recognized by the native form.
We propose that conjugation of Helixpomatia lectin to the comparatively large horseradish peroxidase molecule interferes sterically with the binding site of the lectin. Superficially it is similar: staining is competitively inhibited by the monosaccharide N-acetyl galactosamine, as reported by Gusterson (1993) , but of course the binding site of lectins can encompass significantly more than a simple monosaccharide. Although the complete binding site of Helix pomatia lectin is uncharacterized, lectin binding is known to be a complex phenomenon, and lectins generally "see" subterminal as well as terminal sugars, recognize part of the protein backbone of glycoproteins in addition to their glycans, and do so in a highly specific and three-dimensional manner that may be affected by hydrophobic and ionic interactions (Pusztai, 1991) .
The reasons for the dlfferent histochemical staining pattems observed using the two methods reported here remain ultimately unproven. Although we have demonstrated that the peroxidaseconjugated and unconjugated forms of Helixpomatia lectin bind to a different range of glycoproteins extracted from fresh tumor tissue, this may not necessarily directly reflect the situation in tissue sections where fixation and processing for paraffin embedding, as well as use of conjugated or unconjugated lectin, influence Helixpomatia lectin binding significantly (Schumacher et al., 1995a) . To clardy the situation, we have developed a clinically relevant model system of breast cancer metastasis in the severe combined immunodeficient (SCID) mouse (Schumacher et al., 1995b) , and current experiments are aimed at functionally defining the Helixpomatia glycoconjugate(s) apparently involved in metastasis.
Studies by a number of independent groups worldwide have shown Helixpomatia lectin to be an intriguing and potentially valuable marker for aggressive biological behavior in breast and other cancers. The lectin appears to be detecting an alteration in cellular glycosylation closely associated with metastasis to axillary lymph nodes and to distant sites, and consequent poor prognosis (Brooks et al., 1993; Brooks and Leathem, 1991a) . Some studies have proposed the intriguing possibility that this could be through association with oncogenes such as c-erb B2 or c-myc Fukutomi et al., 1991) . We agree with Baum (1991) that the principal importance of HPA is not as a prognostic marker, but in that it may provide a clue to the mechanisms of metastasis for early breast cancer. The present study emphasizes the importance of selecting an appropriate immunohistochemical technique for its visualization and illustrates the complex and largely ill-understood nature of lectin binding to complex carbohydrate structures. Ongoing research in our laboratory is aimed at the more vital question of the nature of the lectin binding ligand and its possible role in tumor progression. 
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